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Study of soils is necessarily integrated into all 
ecological research related to terrestrial ecosystems. 
Pedologists have formulated classifications and soil 
maps and proposed models for soil profile formation 
and evolution. They identify horizons whose vertical 
arrangement depends on physical, chemical and 
hydrological processes that are in tum highly 
connected with the character of the mother rock, 
climate and with ecosystems characteristics and 
dynamics. 

The principal source of energy necessary for 
biological soil processes is photosynthesis, which 
initiates the processes that bring organic matter to 
the surface as litter and lessivates and, at depth, in 
the form of exudates and root debris. Activity of 
bacteria, actynomycetes, fungi (free and symbiotic) 
and fauna changes this organic matter by oxidation or 
hydrolysis. Substances resulting from these processes 
are absorbed on to clays where they form complexes. 
They can also be incorporated in edaphic structures, 
largely through faunal activity (burial, transport, etc.), 
or by root action. 

These multiple interactions engender structural 
complexity and the dynamics of edaphic systems at 
different size scales: clays, aggregates, rhizosphere, 
and soil-atmosphere interactions. The macrofauna 
(lumbricans, termites, myriapods, etc.) seem, in certain 
conditions, to play a dominant réle in pedogenesis by 
changing the structural stability, aeration, incorpora- 
tion of organic debris, water circulation, acceleration 
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or slowing-down of mineralization. The stability and 
complexity of these interactions vary qualitatively 
and quantitatively in relation to biogeographic, 
climatic and paleoclimatic factors. Moreover, they 
are very sensitive to anthropic, physical, chemical 
and biological disturbances. These disturbances can 
be catastrophic causes such as fires, floods, drought, 
or other causes such as agriculture, deforestation, 
urbanisation, etc. 

In a modern approach of all aspects of the 
"biodiversity", consideration of these processes is 
essential; as a matter of fact, it serves to define 
additional criteria for evaluation of ecosystems’ 
stability and resilience. 


NATURE AND ROLE OF SOIL BIOTA 


Soil biota contribute to soil structure through the 
mechanical breakdown of dead organic matter. They 
leave behind characteristic features, by forming new 
structures of different size and shape (faecal pellets 
and tunnels), by binding them into integrated material 
(dead organic matter, mineral particles, propagules of 
soil microflora) through the soil profile. The basic 
zoogenic microstructures have already been described 
(Bal, 1982; Rusek, 1985; Zachariae 1965), but a deeper 
understanding of the rôle of dominant species in 
soil microstructure forming processes is needed. Soil 
ultrastructures formed by microfauna and microflora 
are almost unknown (Forster et al., 1983). Soil thin 


and ultrathin section studies and direct microscopical 
investigations are useful for biological studies of 
structure development and changes in soil (Tajovsky et 
al., 1991; Kubiena, 1964; Babel, 1975; Ponge, 1990). 
Dynamic studies of soil micro- and ultrastructure 
formation and transformation by soil organisms in 
situ and in microcosms will help to answer many 
questions concerning soil processes. 

A fractal approach to soil structure and biota studies 
will be a useful tool in soil biology. There are 
many unsolved questions on the rôle of soil structure 
formation at different scales. These structures are 
closely linked with soil water and air conductivity, 
with biochemical activity and short-term microscale 
succession of microflora and microfauna in newly 
formed structures (Tajovsky er al., 1992). Soil physics 
and agricultural practice influence in their turn the 
structure of biota in the detritus food webs (Hendrix 
et al., 1986). 

In a more general sense, soil biota may be 
considered as one of the anchors, or "set points” 
in terrestrial ecosystems. Indeed, soils may be 
considered to have a central organizing function 
due to the biological/chemical/physical interactions 
occurring within them (Coleman et al., 1992). Various 
approaches to the rôle of soil fauna in ecosystems 
have included: 1- non-intrusive (observation, stable 
and radioactive tracers); 2- intrusive (physical 
manipulation, chemical manipulation with biocides 
and fertilizers); 3- artificial approaches (gnotobiotic 
microcosms, field mesocosms, and simulation models) 
(Crossley et al., 1990). These can be viewed, in turn, 
in a hierarchical array, ranging from molecular level 
(chemical defences, antibiosis, and substrate quality), 
organs (leaves and roots), individual plants, entire 
stands, watershed, and entire regions (Coleman et al., 
1992). 

All this work comes into focus via soil processes, 
as influenced by the biotic and chemical/physical 
interactions, as exemplified by Read (1991) on 
mycorrhizae in ecosystems, and Boettcher and Kalisz 
(1990), who measured significant intensification of 
acidification and leaching of cations in the understorey 
of individual Ericaceous plants. Numerous reviews 
have noted the marked impact of microbial-faunal 
interactions on inorganic nutrient (N and P) cycle 
(Coleman et al., 1983; Lussenhop, 1992). In addition, 
the impacts of organisms on organic compounds in soil 
systems are being more intensively studied. Examples 
are: wood decomposition followed in a forest stand as 
a function of lignocellulase activity (Sinsagaugh et al., 
1992), and organic phosphorus mineralization linked 
directly to activity of vesicular-arbuscular mycorrhizal 
fungi (Jayachandran et al., 1992). 


NATURE, ROLE AND EVOLUTION OF SOIL 
FAUNA 


The edaphic fauna is made up of organisms 
extremely diverse in size, taxonomy, trophic needs, 
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physiology and so on. Genetic differences between 
populations, either intra- or interspecific, are now 
easier to demonstrate by allo-enzymatic analysis (Frati 
et al., 1989; Fanciulli et al., 1991) than by genome 
analysis where there is still a problem of distinguishing 
firstly between closely similar taxa and secondly 
between genes coding for a character and those 
activating this expression at a particular stage of 
development. 


Adaptative processes that can be identified at 
individual and population level are shown in 
organisms’ responses to the ranges and spatial and 
temporal predictabilities of variations in environmental 
factors. Environmental constraints are measured in 
terms of tolerance to drought, resistance to cold, to 
heat and tolerance to xenobiotic substances such as 
pesticides and heavy metals (Vannier, 1983; Joosse and 
Verhoef, 1987). The variability of biological responses 
could stem from the combination of ontogenetic 
and genetic processes. Some parameters such as 
cold or drought resistance vary with age or stage 
of development (Betsch and Vannier, 1977) but 
biochemistry varies also greatly between populations 
of the same species (Frati et al., 1989; Fanciulli et 
al., 1991). The rate of growth by weight, fertility and 
individual fecundity vary within the same population; 
however, clear conclusions cannot always be drawn 
from these, as experimental conditions greatly 
influence the strength of the responses obtained. 
Biological factors at work in a population (metabolism, 
growth, fertility) under controlled conditions show 
great variability, owing mainly to oversimplification 
of experimental environments; experiments even with 
more complex synthetic matrices often lead to results 
that are contradictory or that change to the complete 
opposite with time (Leonard and Anderson, 1991; 
Huhta and Setälä, 1990; Setälä et al., 1990). Therefore, 
the biological significance of the same edaphic factors 
applied in a simple or complex situation can change 
according to environmental context. 


Disturbances that follow on from degradation 
of edaphic systems by such agents as agriculture, 
deforestation, fire or xenobiotic substances initiate new 
dynamics in communities’ structuration (Cluzeau and 
Tréhen, 1987; Betsch et al., 1990). These successions, 
already well studied in plant communities and 
non-edaphic invertebrate and vertebrate communities 
should present a line of research that calls on 
modelling and computer methods (Usher, 1987). We 
are faced with the general problem of biological 
diversity (Solbrig, 1991). This theme, which is 
essential for applications to conservation at global 
scale, must be treated with caution because of 
the heterogeneity of soils and their rôles in 
ecosystem functioning according to latitude or altitude. 
Depending on the case, this diversity can correspond 
to several levels of coenotic complexity (Cancela 
da Fonseca, 1991). Nevertheless, these factors 
should provide additional elements for evaluation 
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of ecosystems’ stability and resilience (Petersen and 
Luxton, 1982). 


Much work has been devoted to the rôle of 
soil fauna in decomposition and mineralization 
processes (Verhoef and Brussard, 1990) and to 
the structuring of soils, humus and of population 
settlement. There are several approaches that account 
for time, space, disturbance gradients and ecotones 
(Kopeski, 1992; Rusek, 1989). Biotic interactions are 
more difficult to measure because of observation 
conditions, whether it be to follow lumbrician 
demographic processes (Lavelle, 1978; Bouché and 
Kretzschmar, 1974; Bouché, 1984), demonstration of 
intraspecific competition, quantification of predator- 
prey interactions, trophic interactions bringing into 
play microbial flora, bacteria and fungi, or again 
quantification of the faunal activity on evolution 
of organic matter (Martin et al., 1992) or nitrogen 
(Binet et al., 1992) and humification processes. 
The experimental approaches using microcosms, 
mesocosms and testing in the field are necessary 
and must be encouraged. Difficulties connected with 
the successive encasings of hierarchic levels within 
edaphic systems combine to hinder progress in this 
field. 


NATURE, ROLE AND EVOLUTION OF SOIL 
MICROORGANISMS 


Earliest studies on soil microbiology have shown 
that soils contain all the main groups of microor- 
ganisms. More recent works have demonstrated the 
wide diversity of genera and species occurring in 
terrestrial environments (Dommergues and Mangenot, 
1970; Alexander, 1977; Burns and Slater 1982; Paul 
and Clark, 1989). It is well recognized now that soils 
are huge reservoirs for microorganisms and are fruitful 
environments for the research for bacteria and fungi 
of economical interest (Lynch, 1986). 


Such microorganisms (mainly bacteria and fungi, 
but also algae and protozoa), since their appearance on 
earth (3.5 to 4.0 billions years ago for bacteria, 1.2 to 
1.4 billions years for fungi), have developed energetic 
and nutritional strategies that involve fundamental or, 
at least, great participation in the cycling of major 
and trace elements in terrestrial ecosystems. Soil 
microorganisms are responsible for the main steps or, 
at least, are involved in major steps of the biogeocycles 
of carbon, nitrogen, sulfur, phosphorus, mercury and 
so on (Dommergues and Mangenot, 1970; Alexander, 
1978; Brock and Madigan, 1988; Ehrlich, 1990). 


The microbial metabolic capacities appear now 
very large and concern not only natural organic and 
inorganic compounds, but also xenobiotic compounds 
(pesticides, herbicides, etc.). 

Progress has been made on the amount, the 
nature and the composition of soil microbial biomass 
by measurements of respiration rates, A.T.P. and 
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phosphorus release, after, for example, fumigation 
or microcalorimetry (Burns and Slater, 1982; Lynch, 
1986). Numerical taxonomy has been used to 
characterize populations and now new tools adapted 
from molecular biology will allow a better knowledge 
and are starting to be used with success for bacteria 
and fungi (Krieg and Holt, 1984; Brunel er al., 1988; 
Bruns and Palmer, 1989; Gardes et al., 1990; Vilgalys 
and Gonzalez, 1990; Mavingui et al., 1992...). 


Microbial habitats are not yet well defined even if 
some niches are now better known such as aggregates 
(Hattori, 1988; Jocteur Monrozier et al., 1991) or 
rhizosphere (Curl and Truelove, 1986; Lynch, 1990; 
Atkinson, 1991; Waisel et al., 1991). 

Participation of microbes and of their different types 
of interactions in the cycling of elements and the 
functioning of the soil microbes-plant systems are 
beginning to be considered more and better known 
(e.g. Berthelin, 1982; Berthelin et al., 1985; Robert 
and Berthelin, 1986; Leyval and Berthelin, 1991). 


Although the main microbial processes have been 
identified and recognized, microbial activities and, 
in particular, their relationship with environmental 
parameters (e.g. types of soils, vegetation, pH, Eh and 
soil constituents) and the interactions microorganisms- 
plant-fauna-mineral and organic constituents-soil solu- 
tion are not well understood (e.g. Robert and Berthelin, 
1986; Stotzky, 1986). 

However, as soils are four-dimensional systems 
(space and time) containing five main types of "con- 
stituents" (solid inorganic and organic compounds, 
solutions, gas, organisms), microbial communities and 
population dynamics and activities will depend on 
different types of interaction between the organisms 
and the constituents. 

Despite many exciting developments in recent years, 
our understanding of soil microbial activity and soil 
microbial ecology is unfortunately limited. There are 
many gaps in the knowledge on active biomass, 
microbial communities and populations and their 
activities, only ten per cent of the total soil microflora 
have been up to now isolated. 

The aim of soil microbial ecology from a general 
point of view is to understand the diversity, the 
functioning and the competitivity of microorganisms 
in their natural and modified or disturbed habitats. For 
such a purpose one needs to study the mechanisms 
that control the structure and dynamics of microbial 
populations and their activities. Methods derived from 
biochemistry, molecular biology, physico-chemistry 
and soil sciences have therefore to be used in a 
framework and drawn from ecological concepts. 

Today, the development of methods that are helpful: 
1- to quantify microbial activities (measurements of 
stable isotopes, of organic and mineral metabolites, 
of biodegradability, etc.); 2- to detect microbes 
(immunochemical methods, nucleic probes); 3- to 
characterize microbial strains (hybridization of nucleic 
acids, restriction enzyme maps, isoenzymes and 


protein profiles) can be used to study soil microbial 
ecology and microbial activity more efficiently. 


It now seems possible to study and solve various 
questions and problems : 


How and when are the microbial enzymatic "equip- 
ments” expressed and effective under environmental 
conditions? What are the microbial responses to 
different types of stress of anthropogenic origin (such 
as heavy metals, xenobiotics and hydrocarbons)? 


How are autochtonous populations and microbial 
inoculants regulated? What are the main factors that 
control their growth and activity, their interactions 
with living organisms (e.g. neutralism, competition, 
mutualism, commensalism, parasitism and predation). 


What genetic transfers take place? How do they 
occur? 


Where are the microbes located? Are there specific 
locations for the different microbial activities? 


The final purpose is to define and control 
the microbial activity for soil management and 
conservation, plant production, soil reclamation and 
depollution to maintain water and food quality and to 
protect human health. 


Such attempts to understand and control soil 
biological activity need a good knowledge of soil 
chemical and physical environments. Soil biologists 
have to interact with other soil scientists to improve 
knowledge of the diversity and functioning of the soil 
bioreactors, which are not like a simple collection of 
fermentors or chemostats, even if chemical, biological 
and physical engineering will be helpful to understand 
and modelize the dynamics and activity of microbial 
populations and communities. 


CONCLUSION 


The European Journal of Soil Biology occupies 
a specific place at the interface between purely 
chemical or physical aspects of pedogenesis and wider 
environmental considerations involving the whole 
functioning of ecosystems. Consequently, the aim of 
the journal is to publish original papers which are able 
to provide: 


— A better understanding of stability of ecosystems 
which depends on knowledge of population biology, 
community structures and dynamics, successions, 
adaptative and evolutionary processes: ecophysiol- 
ogy, ecotoxicology, soil population, dynamics and 
genetics, trophic and competitive interactions between 
microorganisms, soil fauna, plants including transgenic 
organisms. 


— A better understanding of pedogenesis, organic 
matter dynamics, nutriment cycles, fertility of soils, 
behaviour of xenobiotic substances and organisms. 
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